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Resum 
Aquest projecte està destinat a estudiar la capacitat eòlica existent en el delta 
del riu Llobregat per tal d’intentar aprofitar aquest recurs en un àrea on fins ara 
no s’hi ha fet molts estudis del potencial eòlic, ja que la seva proximitat a 
l’aeroport del Prat i a priori escassa intensitat dels vents dominants son factors 
poc encoratjadors per a la instal·lació de parc eòlics de grans dimensions. 
 
Per a realitzar el projecte, es parteix de les dades proporcionades pel Servei 
Meteorològic de Catalunya, que comprenen velocitat i direcció del vent a 2m 
sobre el nivell del sòl, promitjades i enregistrades cada 10 min 
ininterrompudament des de l’1 de Gener de 1994 fins al 31 de Desembre de 
2010 a l’estació automàtica situada a Viladecans. Un cop adaptades les dades 
als requeriments d’alçada ,és habituals a mini-eòlica, (10m), amb els 17 anys 
de dades es crea un any “típic” per tal de que els resultats de l’estudi tinguin la 
màxima representativitat i validesa estadística.  
 
Un cop s’ha configurat aquest any de referència, se simula el perfil de vent 
horari de cada dia de l’any, concretament a la franja compresa entre les 7 i les 
19 hores del dia, per a calcular quin rendiment eòlic s’obté amb un model 
d’aerogenerador proposat en les hores on és més probable que hi hagi 
presència de marinada. Es fa una simulació de l’any complert per a comparar 
la producció d’energia entre els mesos on hi ha marinada i els que no n’hi ha. 
Tot i que ens aquests darrers mesos s’espera que la producció sigui menor, un 
aerogenerador instal·lat pot ser encara prou profitós, ja que no s’han d’invertir 
molts recursos pel seu funcionament. 
 
La simulació es porta a terme amb els programes de distribució lliure FAST i 
AeroDyn, mentre que tot el tractament de dades realitzat abans i després de la 
simulació es realitza amb Microsoft Excel. Un cop es tenen els resultats, es 
comprovarà si l’alimentació amb mini-eòlica pot ser un factor a tenir en compte 
en futures instal·lacions d’enllumenat al delta del Llobregat. Per aquest motiu, 
es realitza un petit estudi sobre si és viable tenir instal·lada una sèrie 
d’aerogeneradors al Parc Mediterrani de la Tecnologia, per a que puguin 
aportar un percentatge de l’energia per il·luminar el Parc de nit.  
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Overview 
 
This project was conceived in order to study the sea-breeze eolic potential that 
exists in the Llobregat Delta area. Near Barcelona, the lack of synoptic winds 
and the proximity to Barcelona’s airport are two factors which makes nearly 
impossible the installation of a big eolical park 
 
In order to achieve our project, we start from the data provided to us by the 
Meteorological Service of Catalonia, which includes wind velocity and direction 
measured at 2 meters in height from average earth level recorded every hour 
from 1st January 1994 to 31st December 2010 in the automatic station located 
near Viladecans. After that, we have to adapt this data to the typical mini-eolic 
requirements in height (10m), and create a reference year using the 17 years 
available. The meaning of this year is to give the study maximum 
representability and statistical accuracy.  
 
When we have this reference year created, the hourly wind profile is simulated, 
more precisely the span between 7 A.M and 7 P.M. in order to check which 
eolic potential are we able to achieve when the sea-breeze is more likely to 
appear. We will simulate the whole year, to compare the results with sea-
breeze presence or not. Although in months where the sea-breeze is 
particularly inexistent the energy production will be lower, if we have the 
aerogenerator installed, we don’t have to invest large amounts of extra money 
to keep it on and if little, it will provide us with some electricity. 
 
The simulation is held using free software, more precisely FAST and AeroDyn 
programmes, whereas all the data processing is done using Microsoft Excel 
program. When the simulation process has been finished, we will check if the 
energy taken from the wind turbine is enough in order to include this type of 
resource in future lighting facilities in the Llobregat Delta. For this purpose, we 
will realize a short study concerning the viability of installing some 
aerogenerators in the Parc Mediterrani de la Tecnologia, so as the energy 
provided would supply some night illumination. 
 
 
 
 
  
Als meus pares,  
per haver-me donat ànims per continuar.  
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INTRODUCTION 
 
 
The objective of this project is to study the wind energy potential of the sea-
breeze in the Llobregat Delta, placed near Barcelona, because it is unlikely to 
find synoptic winds in this coast. The latter are winds generated by high or low 
pressures in the atmosphere and are modified due to the terrain roughness. 
 
Synoptic winds are located in known places, and they mostly have a specific 
name to them, like Tramontana in the Empordà or Mestral in the south of 
Catalonia. Due to the mountains around Barcelona, these two winds are not 
present in the central coast of Catalonia and we have to look for other types of 
winds to ascertain the feasibility of production of wind energy. This lack of 
synoptic wind is shown in Figure 0.1. 
 
 
 
 
Fig. 0.1. This explains the wind velocity and direction around Catalonia on the 
7th February 2012. Note that around Barcelona there is no wind, there is a blank 
spot without lines. 
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In order to study the wind profile, we asked the “Servei Català de Meteorologia”, 
for data and they provided us with wind speed and direction data measured at 2 
meters in height in Viladecans, Barcelona. After, we modified the wind speed 
data, because it varies with height, and we wanted to work with wind speed at 
10 meters in height. The next step was to create a statistical reference year, 
using all data provided to us (covering 17 years). To do that, we averaged all 
data corresponding to 1st January for each hour (0:00, 1:00…) and created this 
way a new, reference 1st January. This process was repeated for each day until 
the reference year is complete. 
 
We simulated the performance of the wind turbine for each reference day using, 
the wind speed profile, from 7 AM to 7 PM. This span of hours has been chosen 
because the sea-breeze is more likely to appear in this time window. The whole 
day was not simulated entirely because some errors occur if the velocity is too 
low, and then the results are not trustworthy. 
 
After collecting all the results, we will check if the obtained energy is enough to 
partially feed the night illumination in the university campus. A preliminary 
economical study will serve to achieve this goal. For this purpose, we will 
calculate the cost of a turbine, the percentage of illumination that can depend 
exclusively of wind energy, and how much money is necessary to change to this 
energy supply system and how many tones of CO2 will not be emitted to the 
atmosphere. 
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CHAPTER 1. THERMAL WINDS 
 
Formation and explanation 
 
A thermal circulation is formed due to a difference of atmospheric pressure in 
two near points. If those two points are at the same pressure, nothing will 
happen, and there won’t be an air transference between them. However, if one 
of them heats up or cools down, and the points nearby do not have this effect, 
the atmospheric pressure will modify as we can see in figure 1.1. 
 
 
 
 
Figure 1.1. Variation of isobaric height due to a change in temperature. See [2] 
 
 
When this process occurs, some air from the warmer zone will move to the 
colder zone, in order to equilibrate its temperature and try to make the pressure 
stable within the area. In our case, this makes the air move from S to N.  
 
But, at the same moment, all the air that has gone to the colder place increases 
its pressure, because the atmospheric pressure is no more than the air’s 
weight, and this extra increase has to be redistributed among the entire column 
of air. Nevertheless, in the warmer zone, the air that has gone to compensate 
the temperature shift produces a diminution in pressure, and the air has to be 
redistributed again. All this process makes another circulation of air, but this 
time at ground level and in the opposite direction. This is explained in figure 1.2. 
 
10 Analysis of the Sea-breeze Eolic potential in the Llobregat Delta area using Aerodyn numerical simulation 
 
 
 
 
Figure 1.2: Air circulation between 2 different columns of air due to a shift in 
temperature. See [3]. 
 
 
This process is associated to sea breeze if the differences in temperature are 
horizontal and valley breezes are in vertical. 
 
 
1.2. Sea breezes 
 
1.2.1. Explanation 
 
A sea breeze is formed with differences in temperature between the earth and 
sea surfaces. In the warmest month of the year, the specific heat capacity of 
water implies a slower increase in temperature, so the sea remains at 18-22 ºC 
whereas the land surface can be at 40-50ºC. This difference is enough to set a 
difference in atmospheric pressure and the sea-breeze to occur. 
 
Usually, the breezes have an average speed of 4-6 m/s, always related to the 
temperature gradient. A lot of people have the thought that 1ºC gradient is 
enough for the breeze to be formed, but a common value of 5ºC is accepted. 
This difference in temperature is produced a couple of hours before midday, 
when the breeze is formed and goes inshore.  
 
Between 2 and 3 PM, is when the solar power is at its peak, and the breezes 
can reach peaks of 10 – 12 m/s and travel around 150 km inland. At that point, 
the convection generated at the sea breeze front is likely to reach 1 km height, 
and little thunderstorms can happen. All this process is explained in figure 1.3. 
 
At the end of the afternoon, when the land surface begins to cool down, the 
whole process stops and land breeze appears. This is formed because the sea 
surface is warmer than the earth, and the same process happens, but in 
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reverse. Land breezes are much weaker than sea ones, and are unlikely to 
achieve peaks larger than 2-3 m/s. 
 
 
 
 
Figure 1.3: In this picture the sea-breeze circulation is explained and we can 
see all the factors involving this process. See [4]. 
 
 
These breezes, however, do not always go inshore perpendicular to the coast 
line. After a couple of hours of their formation, they tend to turn to the right and 
finally end up parallel to the coast. This happens due to the Coriolis’ Effect. The 
land breeze, as weaker, does not end parallel to the coast line as its “turning” 
force is not enough. 
 
 
1.2.2. Formulas 
 
If we take a look at the formulas that are used to describe a thermal wind, 
Rolland B. Stull (see [5]), we can say that the breeze velocity is proportional to 
the temperature gradient between the two surfaces, which explains clearly why 
there is not such a breeze in the cooler months of the year. 
 
 
 
∆𝑈𝑔
∆𝑧
≈
−𝑔
𝑇𝑣·𝑓𝑐
∆𝑇𝑣
∆𝑦
  (1.1) 
 
∆𝑉𝑔
∆𝑧
≈
𝑔
𝑇𝑣·𝑓𝑐
∆𝑇𝑣
∆𝑥
  (1.2) 
 
 
If we adapt both formulas in an isobaric column of air, we will find these 
relations: 
 
 
 𝑈𝑇𝐻 ≡ 𝑈𝑔2 − 𝑈𝑔1 = −
𝑔
𝑓𝑐
∆𝑇𝐻
∆𝑦
  (1.3) 
 𝑉𝑇𝐻 ≡ 𝑉𝑔2 − 𝑉𝑔1 =
𝑔
𝑓𝑐
∆𝑇𝐻
∆𝑥
  (1.4) 
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As a conclusion, to find the breeze speed, we need to add both contributions, 
horizontal and vertical. 
 
 𝑀𝑇𝐻 =  𝑈𝑇𝐻
2 + 𝑉𝑇𝐻
2   (1.5) 
 
 
To clarify, these variables are used:  
 U: horizontal wind gradient 
 V: vertical wind gradient 
 M: breeze speed 
 g: gravitational acceleration 
 f: Coriolis’ force 
 g1 / g2: geostrophic winds 
 TH: height difference between isobars. 
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CHAPTER 2. WIND TURBINES 
 
The eolic energy used in a small village as a mean to obtain energy is a 
possibility far from its final recognition. All the industrial and research efforts are 
devoted to the so called “wind farms”, which are groupings of large scale 
turbines able to produce several thousands of MW by themselves. The problem 
appears when the turbine is quite small, but big enough to distort the landscape 
form a sightseeing perspective. For that reason, and because the solar energy 
is capable of producing the same amount of energy and is easier to install in a 
building and more subtle, those small wind turbines are not as extensively used 
as they should be due to their characteristics. 
 
Our intention is not to study the feasibility of a large wind farm around 
Barcelona, because the large wind turbines may reach more than a hundred 
meters in height and this makes them incompatible with Barcelona’s Airport. 
This study is focused in minieolic energy, therefore where we are capable of 
using smaller turbines. The main difference is, on the one hand, in tower height, 
because the small size turbines are not conceived to be higher than 10 or 15 
meters and/or can simply be installed on roof tops. On the other hand, the 
blades are no more than 2 meters in length, and this combination results in a 
drastic reduction of the energy generated. 
 
To estimate the speed at different heights, we have to use a logarithmic 
equation, because the wind profile is not the same in all terrains, as we can see 
in Fig. 2.1. This is explained by the roughness length. 
 
  
 
 
Fig. 2.1: Variations in the wind profile due to the roughness length. See [6]. 
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The roughness length (z0) is a parameter that models the horizontal mean wind 
speed near the ground. As an approximation, it is equal to one tenth of the 
height of the surface roughness elements. We can see some values in Table 
2.1. 
 
 
Table 2.1. Different roughness length values due to the type of terrain. See [7]. 
  
Class Roughness 
length 
 
Landscape Features 
Nº name 
1 Sea 0.0002 Open water 
2 Smooth 0.005 Featureless land, ice 
3 Open 0.03 Flat terrain with grass, airport runway 
4 Roughly open 0.10 Cultivated area, low crops 
5 Rough 0.25 Open landscape, scattered shelter belts 
6 Very rough 0.5 Landscape with bushes, young forest 
7 Closed 1 Low-rise build area, mature forest 
8 Chaotic Over 2 City centre 
 
 
In our case, the weather station is placed in the countryside, in a cultivated 
area, but we chose a value of 0.25 for the roughness length because of the 
presence of greenhouse. After having decided which roughness length fits best 
our study, we have to apply this formula: 
 
 
 𝑉𝐻 = 𝑉2𝑚 ·
ln 𝐻/𝑧0 
ln 2/𝑧0 
  (2.1) 
 
 
2.1. IT-PE-100 Wind turbine 
 
The IT-PE-100, developed by “Soluciones Prácticas-ITDG” is the wind turbine 
chosen to make our study. It is a small turbine, only able to produce 100W, but 
it will serve as a model to study wind energy potential of the sea-breeze in the 
Llobregat Delta. 
 
2.1.1. Blades 
 
The IT-PE-100 is provided with 3 blades, made of a mixture of aluminum and 
fiberglass and built following the NACA 4412 airfoil (see Fig. 2.2). In our case, 
the blades are 87.5 cm in length and their chord diminishes towards the blade 
tip. In Table 2.2 and Figure 2.3 we can appreciate 15 different chords as we 
move along the blade starting in the blade root. See [9] for further details. 
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Fig. 2.2: Plots of lift and drag vs. angle of attack (AOA) for a NACA 4412 
aerodynamic airfoil. 
 
 
Table 2.2: Characteristics of the 15 different blade sections. 
 
Blade Section Local radius (cm) Chord width (m) 
1 17.5 0.1679 
2 22.5 0.1608 
3 27.5 0.1537 
4 32.5 0.1466 
5 37.5 0.1395 
6 42.5 0.1324 
7 47.5 0.1253 
8 52.5 0.1182 
9 57.5 0.1111 
10 62.5 0.104 
11 67.5 0.0969 
12 72.5 0.0898 
13 77.5 0.0827 
14 82.5 0.0756 
15 87.5 0.0685 
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Fig. 2.3: Picture of a blade, where we can appreciate some cross-sections 
along the blade span and the reduction in chord length 
 
 
2.1.2. Turbine 
 
The electric generator is quite simple, built in order to guarantee a direct link 
between stator and rotor and with magnets made of ferrite. A rectifier is needed 
to convert the AC energy to DC to be stored in a battery. The generator is 
shown in Fig. 2.4. See [10]. 
 
 
 
 
Fig. 2.4: Sketch of the electric generator of the IT-PE-100 
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Using this type of generator, we can obtain several different performances, 
depending on its configuration. The possible characteristic curves of the 
generator are shown in Fig. 2.5. 
 
 
 
 
Fig. 2.5: Characteristic curves for the two different configurations of the 
generator available in the IT-PE-100 wind turbine. 
 
 
In this case, the “delta” configuration is used, even though higher wind velocity 
(cut in speed) is needed to turn it on. The necessary 290 rpm are easily 
achieved with a wind speed around 3 m/s, which is relatively low, and we will 
make more profit on the delta configuration. With a “star” configuration, though, 
the maximum rpm are easily achieved, no more power is obtained upon 
surpassing that threshold and all the remaining energy is transformed into heat, 
which is highly undesirable. 
 
In the simulation software, the initial rpm were set to 420, but we had changed 
them from 420 to 290 rpm in order to match with the delta configuration. With 
that change, the wind speed needed to turn the generator on is quite small. 
Doing that, we avoid a braking process when the simulation starts. As a 
consequence, we gain more accuracy, because the transient generated is large 
enough to virtually ruin the simulations, as it takes nearly 30 time steps to 
recover. 
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CHAPTER 3. FAST – AERODYN SIMULATORS 
 
These two simulators, which work together, are the tool used to simulate the 
wind conditions and from that simulation we will know the energy obtained if the 
turbines were for real. When we simulate, the FAST software is responsible to 
simulate the strength and elasticity part and the aeroDyn calculates the 
aerodynamics. To make it work, we will need some files with different 
information, example in Fig. 3.1. 
 
 
 
 
Fig. 3.1: Diagram depicting the different files needed in order to simulate a wind 
profile. 
 
 
The files platform, furling, tower and blades, so as the airfoils file, present a .dat 
extension and have all the technical characteristics of the turbine we want to 
simulate. The FAST primary file has a .fst extension and is used to sum up all 
the main specific properties of the generator, as well as to indicate the .dat files 
we are going to use. 
 
The aeroDyn file is where we are going to find all the information related to the 
aerodynamics part of the project: air density, wind profile and types of blade 
used among others. The only thing that is necessary to change within different 
simulations is the wind profile, because every day has its unique .wnd file. (see 
Fig. 3.2.) 
 
At the end of the simulation, we will find a new file, with extension .out, with the 
results of the computation.  
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Fig. 3.2: Wind file showing the 1st January 
 
 
3.1. Wind files 
 
In those files, we are able to simulate from 7 AM to 7 PM of a same day, when 7 
in the morning corresponds to time 0, and so on. However, we are not able to 
simulate a proper reality, because we have to adopt a model of time steps. In 
our case, 20 time steps are equivalent to an hour. 
 
These 20 time steps have been chosen after several simulations, when we 
discovered that they were the shortest period of time when we were capable of 
obtaining realistic measures, and the changes in wind velocity were smooth 
enough to make them lineal. 
 
Another problem was to simulate a full day, not much time scheduling, but of 
accuracy. On most the days, the night hours present a wind velocity too low to 
be compatible with the simulator. When we are below 1.5 m/s approximately, 
the simulator seems to “collapse” and returns a result of 10W for every time 
step regardless the wind incoming. That was a problem we needed to solve 
properly, and modifying the wind profile wasn’t the right solution because all the 
purpose of the simulation will be lost doing so. As the final method, we decided 
to shorten the simulation hours in order to minimize that issue. 
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CHAPTER 4. METEOROLOGICAL DATA 
 
 
In order to realize this study, we asked the “Servei Meteorologic de Catalunya” 
for data, from its station placed in Viladecans, near Barcelona. We were given 
wind speed and direction measured at 2m in height from 1st January 1994 to 
31st December 2010. We may notice that the greenhouses placed near there 
could make the wind speed appear slower. If we separate the wind direction 
into 16th different cardinal points, we will find Fig. 4.1. 
 
 
 
 
Fig. 4.1: Compass Rose from 1994 to 2010 from Viladecans’ winds. 
 
 
If we stop to see the graph for a second, it seems illogical to realize a sea-
breeze study if nearly 20% of the time we have a North wind. This come to be a 
result of the land-breeze, because it ends up in North wind thanks to Coriolis. 
Even though, the typical span for a sea-breeze, NE to SW, is nearly a 50% of 
our time, which is quite an important amount of time. 
 
Once we have made the translation from 2m to 10m in height, the results are 
shown in Fig. 4.2. 
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Fig. 4.2: Wind speed at different directions measured at 10 meters in height 
from 1994 to 2010 in Viladecans. 
 
 
Now, once we have applied the formula, we discover that nearly a 20% of the 
total data studied we have a wind strong enough to make the turbines work. If 
we translate this into hours, our turbine will have been working 5 hours a day 
during the whole year. 
 
However, it’s true that all year is unlikely to have the same amount of wind 
potential, and we will have to simulate every month separately from the others, 
to have a more realistic result. 
 
In order to save time, and to have a more precise idea about the possibilities of 
installing turbines around the “Llobregat’s Delta”, we have generated a type of 
an average year. This new year is formed with the mean average of every hour 
compounding it for those 17 years. See Table 4.1 for an example. 
 
 
Table 4.1: Formation of the 0:00 AM of 1st January in the average year. 
 
00 AM 1st Jan 1994 1995 1996 [···] 2009 2010 
Wind Speed 3.8 m/s 5.8 m/s 0.6 m/s [···] 0.7 m/s 4.7 m/s 
00 AM 1st January average year 
2.02 m/s 
 
 
That process is repeated over the whole year, in order to create the average 
one. 
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With the reference year created, we can obtain a yearly wind profile, that will be 
shown on Figure 4.3. In this case, we calculate a monthly mean, and plot three 
different lines: Total mean, daily mean and night mean.  
 
This differentiation is done that way because the sea-breeze is a daily wind, and 
in that case, we can distinguish quickly if one month is going to be a good one 
in terms of eolic potential. The daily mean will comprehend between 7 AM and 7 
PM, meanwhile the night one will include the remaining hours. 
 
 
 
 
Fig. 4.3: Yearly wind profile separated by months, plotting the 3 different 
averages. Data obtained from SMC. 
 
 
In this graphic we can see that the sea-breeze is stronger when night and day 
velocities are more separated, I mean, when the speed gradient between them 
is larger.  
 
Although sea breeze is a phenomena occurring between March and 
September, it’s a remarkable issue that it is in cooler months when it reaches its 
intensity peak. This happens because in those months, the sea is cold, and with 
little sun, the earth heats quite rapidly and the temperature gradient is strong 
enough to produce wind even with relatively low temperatures. 
 
In Figure 4.4 we can see the same graph as in Figure 4.3 but plotted day by 
day.
0
0,5
1
1,5
2
2,5
3
3,5
4
4,5
0-24 h 0-6 / 20-24 h 7-19 h
Meteorological Data                   23 
 
 
 
 
Fig. 4.4: Plot of the average day, with the 3 different results, day by day. Data obtained from SMC.
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CHAPTER 5. SIMULATION RESULTS 
 
When we have simulated the whole year, we have decided to plot 3 different 
graphs for the 12 months. These plots are: wind profile, power produced and a 
comparison between the most profitable day and the least one. All the values 
plotted in the next graphs, will be the average of the full day, unless in the 
comparison plot, which shows the power pattern on the day displayed. 
 
To clarify, on the power produced plot, the peak production average is formed 
by the results between 11 AM and 2 PM, included, and the whole day line is 
formed by the power obtained between 7 AM and 7 PM. 
 
 
 
5.1 January results 
 
 
 
 
Fig 5.1: January’s wind profile obtained from SMC. 
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Fig. 5.2: Power obtained during the month of January using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
 
 
 
 
Fig. 5.3: Power obtained on the most and least profitable days of January using 
FAST – AeroDyn simulation. The plot shows the results obtained in a single day 
simulation, hour per hour.  
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5.2. February results 
 
 
 
 
Fig. 5.4: February’s wind profile obtained from SMC. 
 
 
 
 
Fig. 5.5: Power obtained during the month of February using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
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Fig. 5.6: Power obtained on the most and least profitable days of February 
using FAST – AeroDyn simulation. The plot shows the results obtained in a 
single day simulation, hour per hour.  
 
 
 
 
5.3. March results 
 
 
 
 
Fig. 5.7: March’s wind profile obtained from SMC. 
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Fig. 5.8: Power obtained during the month of March using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
 
 
 
 
Fig. 5.9: Power obtained on the most and least profitable days of March using 
FAST – AeroDyn simulation. The plot shows the results obtained in a single day 
simulation, hour per hour.  
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5.4. April results 
 
 
 
 
Fig. 5.10: April’s wind profile obtained from SMC. 
 
 
 
 
Fig. 5.11: Power obtained during the month of April using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
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Fig. 5.12: Power obtained on the most and least profitable days of April using 
FAST – AeroDyn simulation. The plot shows the results obtained in a single day 
simulation, hour per hour.  
 
 
 
5.5. May results 
 
 
 
 
Fig. 5.13: May’s wind profile obtained from SMC. 
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Fig. 5.14: Power obtained during the month of May using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
 
 
 
 
Fig. 5.15: Power obtained on the most and least profitable days of May using 
FAST – AeroDyn simulation. The plot shows the results obtained in a single day 
simulation, hour per hour.  
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5.6. June Results 
 
 
 
 
Fig. 5.16: June’s wind profile obtained from SMC. 
 
 
 
 
Fig. 5.17: Power obtained during the month of June using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
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Fig. 5.18: Power obtained on the most and least profitable days of June using 
FAST – AeroDyn simulation. The plot shows the results obtained in a single day 
simulation, hour per hour.  
 
 
5.7. July results 
 
 
 
 
Fig. 5.19: July’s wind profile obtained from SMC. 
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Fig. 5.20: Power obtained during the month of July using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
 
 
 
 
Fig. 5.21: Power obtained on the most and least profitable days of July using 
FAST – AeroDyn simulation. The plot shows the results obtained in a single day 
simulation, hour per hour.  
 
  
0
5
10
15
20
25
30
35
40
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
P
o
w
er
 o
b
ta
in
ed
 (
W
)
7-19 h 11-14 h
0
10
20
30
40
50
60
7 8 9 10 11 12 13 14 15 16 17 18 19
P
w
er
 o
b
ta
in
e
d
 (
W
)
Hours
4th July
19th July
Simulation Results    35 
 
5.8.  August results 
 
 
 
 
Fig. 5.22: August’s wind profile obtained from SMC. 
 
 
 
 
Fig. 5.23: Power obtained during the month of August using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
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Fig. 5.24: Power obtained on the most and least profitable days of August using 
FAST – AeroDyn simulation. The plot shows the results obtained in a single day 
simulation, hour per hour.  
 
 
5.9. September results 
 
 
 
 
Fig. 5.25: September’s wind profile obtained from SMC. 
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Fig. 5.26: Power obtained during the month of September using FAST – 
AeroDyn simulations. The values are averages from 1 day simulation. 
 
 
  
 
Fig. 5.27: Power obtained on the most and least profitable days of September 
using FAST – AeroDyn simulation. The plot shows the results obtained in a 
single day simulation, hour per hour.  
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5.10. October results 
 
 
 
 
Fig. 5.28: October’s wind profile obtained from SMC. 
 
 
 
 
 
Fig. 5.29: Power obtained during the month of October using FAST – AeroDyn 
simulations. The values are averages from 1 day simulation. 
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Fig. 5.30: Power obtained on the most and least profitable days of October 
using FAST – AeroDyn simulation. The plot shows the results obtained in a 
single day simulation, hour per hour.  
 
 
5.11. November results 
 
 
 
 
Fig. 5.31: November’s wind profile obtained from SMC. 
 
  
0
5
10
15
20
25
30
35
7 8 9 10 11 12 13 14 15 16 17 18 19
P
o
w
er
 o
b
ta
in
e
d
 (
W
)
Hours
20th Oct
18th Oct
0
1
2
3
4
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
W
in
d
 s
p
ee
d
 (
m
/s
)
0-24 h 0-6 / 20-24 h 7-19 h
40 Analysis of the Sea-breeze Eolic potential in the Llobregat Delta area using Aerodyn numerical simulation 
 
 
 
 
Fig. 5.31: Power obtained during the month of November using FAST – 
AeroDyn simulations. The values are averages from 1 day simulation. 
 
 
 
 
 
Fig. 5.33: Power obtained on the most and least profitable days of November 
using FAST – AeroDyn simulation. The plot shows the results obtained in a 
single day simulation, hour per hour.  
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5.12.  December results 
 
 
 
 
Fig. 5.34: December’s wind profile obtained from SMC. 
 
 
 
 
Fig. 5.35: Power obtained during the month of December using FAST – 
AeroDyn simulations. The values are averages from 1 day simulation. 
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Fig. 5.36: Power obtained on the most and least profitable days of December 
using FAST – AeroDyn simulation. The plot shows the results obtained in a 
single day simulation, hour per hour.  
 
 
5.13. Further Analysis 
 
Taking into account those previous graphs, there are very few moments of all 
the year when the turbine is able to reach 100W of power obtained. 
 
The simulation has shown us that a wind speed of around 6 m/s, (22 km/h), is 
needed in order to achieve that power. It could seem quite a small velocity to 
make the generator work into nominal conditions, but if we have to rely on the 
sea-breeze exclusively, we can predict that it is a difficult point to meet. 
 
Even though, we are able to obtain 25W sustained from 11 AM to 2 PM as an 
average, which is not a bad result for this kind of study. We have to bear in 
mind that the non sea-breeze months are also included on this operation. 
 
This clear relationship between the presence of sea-breeze and the power we 
are able to obtain from the generator can be observed in Figure 5.37. 
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Fig. 5.37: Comparison between the most and least productive days of the 
whole year using FAST – AeroDyn simulation. The plot shows the results 
obtained in a single day simulation, hour per hour.  
 
 
To sum up, we can finally conclude the theory we had at the beginning of the 
simulation, when we said that our power generation was connected closely with 
the wind speed. Maybe the beginning of the simulation at 290rpm has helped us 
to obtain energy at velocities under 3 m/s, but is clear that in those cases, the 
power generated is around 10W and its quite “useless”. This can be observed in 
Figures 5.38 and 5.39. 
 
 
 
 
Fig. 5.38: Plot of the monthly average of a whole day and peak productions 
obtained by FAST – AeroDyn simulation process. The plot is composed by the 
monthly average of the daily simulations.
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Fig. 5.39: Power obtained during the whole year using FAST – AeroDyn simulations. The values are averages from 1 day simulation.
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CHAPTER 6. RELATIONSHIP BETWEEN WIND 
VELOCITY AND POWER OBTAINED  
 
 
If we take a look at the previous graphs, we can say that they are quite similar. 
Usually, when we encounter a peak or a low point in one graph, we can surely 
find it at the same point in his complementary. This is explained by the Betz’s 
law, see [13]. 
 
 
 𝑃 =
1
2
𝐶𝑝 · 𝜌 · 𝑆 · 𝑣
3  (6.1) 
 
 
In an aero generator, all the parameters except the wind velocity are a constant 
value, so it’s obvious the graph will have some similarities as we explained 
before. 
 
This coefficient, Cp, is called coefficient of performance, and its maximal value 
is 16/27 or 0.59. This implies that every generator is only able to obtain a 59% 
of the total wind energy that flows freely around the blades of our generator. 
 
However, no modern generator is able to reach that level of performance. The 
most efficient ones vary between 0.45 and 0.50, which leads us to think that the 
IT-PE-100 surely has a lower Cp value. 
 
A study made for Soluciones Prácticas-IDTG in 2005 in a generator placed in 
Peru ([14]), revealed that the higher Cp value for our generator was 0.35. The 
mathematical plot is shown on figure 6.1. 
 
 
 
 
Fig. 6.1: Variation of Cp coefficient over wind speed in an IT-PE-100 generator 
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6.1. Theoretical power obtained without simulation 
 
Having all the variables needed to use the Betz’s law, we will apply it in our 
case, in order to see if the results are similar with our simulations. 
 
First of all, and regardless of the wind speed, we will use 0.35 as the unique Cp 
factor, as the mathematics will be easier that way. 
 
So, knowing the mean wind velocity between 7 AM and 7 PM, 3.15 m/s, an air 
density of 1.225 kg/m3 and knowing our blades diameter, 1.7 meters, we are 
ready to apply the formula. 
 
 
 𝑃 =
1
2
· 0.35 · 1.225 ·
𝜋 ·1.72
4
· 3.153 = 15.21 𝑊  (6.2) 
 
 
This result is not too far from our simulated 15.68 W obtained. This little 
difference can be provided because of the turbine inertia, as it is easier to move 
the blades if they are already moving, and can use that extra amount of energy 
to convert it into electricity. 
 
Using this formula, we are even capable of improving our turbine. Providing we 
are incapable of changing neither the air density nor the wind velocity, we can 
only change the rotor diameter and the coefficient of performance. This last 
parameter could be quite hard to be improved, but we have immediate access 
to the blade dimensions. So, with just 30 cm more on diameter, the power we 
are able to extract increases by 6W. 
 
 
6.2. Turbine energy and efficiency 
 
When we know the exact W we have on average during the whole year, it’s a 
simple operation to transform it into energy. In the process, though, some 
energy will be lost inside the batteries and in the rectification process. The 
turbine efficiency is not calculated; because the simulation program does its 
calculation by itself.  
 
If we suppose 95% efficiency in the rectifier, and 75% in the batteries, the final 
energy during the year will be: 
 
 
 𝐸𝑦𝑒𝑎𝑟 = 𝑃𝑒𝑜𝑙𝑖𝑐 · 8760
𝑕𝑜𝑢𝑟𝑠
𝑦𝑒𝑎𝑟
· 𝜂𝑟𝑒𝑐 · 𝜂𝑏𝑎𝑡 ≅ 98 𝑘𝑊𝑕/𝑦𝑒𝑎𝑟 (6.3) 
 
 
A useful way to check if the turbine is worth to install it is by calculating the 
capacity factor. This parameter relates the total energy with the total energy that 
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turbine is supposed to generate. In other words, the percentage of the energy 
we are able to extract from our turbine. See [15]. 
 
 
 𝐶𝐹 =
𝐸𝑦𝑒𝑎𝑟
𝐸𝑡𝑜𝑡𝑎𝑙
=
98
876
 𝑘𝑊𝑕 = 0.111 (6.4) 
 
 
It is considered a 0.25 the threshold of viability for a generator. Under this value, 
the installation of an aero generator is not worth it. 
 
In our case, we have “scored” nearly half the value of that economical 
boundary, and even if the rectifier and the batteries were perfect we would have 
scored a 0.16. However, as we said before, this low value can be a 
consequence of the bad position of the meteorological station. 
 
Anyway, this last mathematical calculation is quite far from the reality. We have 
considered a 15W average during the whole year, but this value was steady 
during the 8760 hours, and that is not the result we had from our simulation. 
This happens because we have simulated 12 hours a day, and doing that 
operation, the remaining 12 hours, will have a 15W average as well, which it is 
not true, so an accepted value would be 49 kWh a year, if we were to consider 
the remaining 12h as 0 in terms of power production. 
 
In order to be strict with reality, we will only consider the peak production 
average. In this case, the average power increases at 24.5W and the total 
hours a year will diminish to 1460.  
 
 
 𝐸𝑦𝑒𝑎𝑟 = 𝑃𝑒𝑜𝑙𝑖𝑐 · 1460
𝑕𝑜𝑢𝑟𝑠
𝑦𝑒𝑎𝑟
· 𝜂𝑟𝑒𝑐 · 𝜂𝑏𝑎𝑡 ≅ 25.5 𝑘𝑊𝑕/𝑦𝑒𝑎𝑟 (6.5) 
 
 
 𝐶𝐹 =
𝐸𝑦𝑒𝑎𝑟
𝐸𝑡𝑜𝑡𝑎𝑙
=
25.5
146
 𝑘𝑊𝑕 = 0.174 (6.6) 
 
 
 
In this new result, the CF rises to 0.174. It is quite far from that threshold, but it 
is much better, and this reassures that more than 50% of the total energy 
produced is thanks to the sea-breeze. The reason it is quite simple, without it, 
all these energy would be redistributed among all day, and would not be 
concentrated in a few hours. 
 
To proof this statement, we will make another calculation. It’s reasonable to say, 
looking at the wind graphs, that the sea-breeze process starts nearly the 15th of 
February, and can be considered inexistent after the 15th of September. In 
terms of time, this represents 214 days. If we will only consider the peak power 
average, the time span between 11AM and 2PM, this will mean 856 hours a 
day. 
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The average power obtained during this time period, from 15th February until 
15th September from 11AM to 2PM is 32.5W. 
 
 
 𝐸𝑦𝑒𝑎𝑟 = 𝑃𝑒𝑜𝑙𝑖𝑐 · 856
𝑕𝑜𝑢𝑟𝑠
𝑦𝑒𝑎𝑟
· 𝜂𝑟𝑒𝑐 · 𝜂𝑏𝑎𝑡 ≅ 19.8 𝑘𝑊𝑕/𝑦𝑒𝑎𝑟 (6.7) 
 
 
 𝐶𝐹 =
𝐸𝑦𝑒𝑎𝑟
𝐸𝑡𝑜𝑡𝑎𝑙
=
19.8
85.6
 𝑘𝑊𝑕 = 0.231 (6.8) 
 
 
These results can serve as a confirmation of our last statement. A 40% of the 
total energy produced by our generator is a direct contribution of the sea-breeze 
wind. Moreover, if we were only to consider that little amount of time, the 
generator is quite near from the economic viability.  
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CHAPTER 7. POSSIBLE USE OF THE WIND TURBINE 
 
As we have seen before, it is not viable to install a large wind farm using the IT-
PE-100 wind turbine due to its low capacity factor. It is possible, though, is to 
use the IT-PE-100 in a lower scale energy supply system, for instance, 
responsible of providing electricity for specific low demand tasks, or providing 
support to larges systems. One great example of that kind of use is night 
illumination.  
 
To illustrate this, we considered the university campus as a case study, and we 
calculated the economic benefit of using wind turbines. Table 7.1 summarizes 
the night illumination in the Campus del Baix Llobregat (CBL). 
 
 
Table 7.1: Night lights placed around the campus. See [16]. 
 
Type Power consumed (W) Quantity 
Fluorescent light 18 18 
Halogen light 300 1 
 
Sodium light 
70 24 
100 100 
150 44 
   
 
In view of the power consumed by the night illumination of the CBL, and 
knowing the amount of energy supplied by the IT-PE-100 in the Delta del 
Llobregat, it seems unlikely to use this wind turbine to fully feed the Campus’ 
night illumination.  
 
This is clearly seen with a simple calculation. A single fluorescent light 
consumes 18 W whereas the IT-PE-100 can produce 15 W as an average. For 
these reason, it is impossible to fully supply the CBL night illumination system 
with IT-PE-100 wind turbines, according to the presented annual wind intensity 
data. 
 
However, due to the easiness of construction and its low production cost (see 
[17]), 260€ if the man-hours are not accounted for in the budget, people can 
make one on their own and it is possible to install some generators and use 
them for other purposes. For example, they can be installed near a farm, to 
supply energy to a small motor or some LEDs.  
 
Moreover, the installation of the IT-PE-100 has other advantages against the 
typical thermal electricity. The major advantage is to produce electricity without 
emitting carbon dioxide (CO2) into the atmosphere. Regarding the IT-PE-100 
wind turbine, we can produce 49kWh a year; which are equivalent to reduce 
12.21 kg the emission of CO2 into the atmosphere. 
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 CONCLUSIONS 
 
With this project, we have fully observed the effect of the sea-breeze in an IT-
PE-100 wind generator placed in the Llobregat Delta. We have followed a path 
in order to achieve our purpose:  
 
1. It has been identified the period of the year in which the sea-breeze is 
present. These months are from March and up to September. The 
identification was achieved thanks to the increased wind intensity during 
day time. 
 
2. In these months, the sea-breeze has an average intensity of 3.34 m/s 
from 7am to 7pm and 4 m/s from 11am to 2pm (peak intensity). 
 
3. The average power production during day time (from 7am to 7pm) in the 
sea-breeze months would be 19 W and it would be 31 W from 11am to 
2pm. 
 
Although the resulting electric power production at present day is not very 
important with the IT-PE-100, for the IT-PE-500, a 500W wind turbine 
developed also by Soluciones Prácticas-ITDG, the averaged power production 
for the average wind intensity during the sea-breeze months during day time 
would be 100W according, to its characteristic curve. For these reason, the 
electricity obtained would be 4 times higher than the obtained with the IT-PE-
100 and would allow feeding some larger installations.  
 
However, due to the climate change, the precipitation in the Pyrenees area is 
expected to be reduced in a 30% ([18]), and this phenomenon will surely reduce 
the amount of hydroelectric electricity produced. If we combine this with the 
diminution of natural resources like petrol or gas and  a scenario of a practical 
inexistence of nuclear energy in Spain, it will make the mini-eolic energy, along 
with the solar power plants more necessary in terms of power production. 
 
Furthermore, the average temperature in the Llobregat Delta is expected to 
increase no less than 2ºC. Consequently, the sea-breeze is a phenomenon that 
may increase in intensity in the future and that could appear during an 
increasing annual time window, see [19]. 
 
A further project could be dedicated in finding new wind turbines (both in 
horizontal or vertical shafts) which could operate more efficiently in that 
conditions, or try to enhance the IT-PE-100 efficiency by increasing its blade 
length, or the height of the turbine shaft. There are plenty of solutions in order to 
improve this project in terms of efficiency and we are sure it can only go better. 
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